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Literature Review

Introduction

Attention Deficit Hyperactivity Disorder (ADHD) is a com-
mon neurodevelopmental disorder characterized by the core 
psychopathological features of inattention, hyperactivity and 
impulsivity, and is associated with poor psychosocial out-
comes (McGough, 2014). Children diagnosed with ADHD 
exhibit goal directed behaviors, although these frequently are 
incomplete or inaccurate, resulting in impaired outcomes for 
academic, vocational and interpersonal interactions, accom-
panied by maladaptive psychological and physiological traits 
(Posner et al., 2020). ADHD, like other neurodevelopmental 
disorders, has been associated with sleep disturbances which 
may manifest as long sleep latency, sleep phase delay syn-
drome, increased periodic limb movements during sleep, 
daytime sleepiness, altered total sleep duration and difficulty 
initiating and maintaining sleep (Ball, 1997; Corkum et al., 
1998; Cortese et al., 2006; Konofal et al., 2001, 2010; Mayes 
et al., 2009). As sleep deprivation may exert multiple impacts 
on neurobehavioral and cognitive systems, including atten-
tion and emotional regulation (Krause et al., 2017), sleep dis-
turbances in ADHD may affect the core psychopathology of 
the condition, and as such sleep-related factors may be 
important in the etiology of the condition. Further, sleep dis-
turbances may arise from ADHD-related impulsivity and 
hyperactivity, and as such sleep problems may be part of the 
symptomatology of ADHD (Raman and Coogan, 2019).

Sleep is a highly complex, dynamic process involving 
multiple stages (including rapid eye movement (REM) sleep 
and non-REM stages) and may serve a number of essential, 
non-redundant functions (Scammell et al., 2017). In order to 
understand how sleep and ADHD may be related, it is impor-
tant to examine key behavioral control systems that shape 
sleep physiology and sleep behavior. The sleep/wake cycle is 
shaped by the interaction of the circadian clock and the sleep 
homeostat (Borbély et  al., 2016). The circadian clock is an 
endogenous daily timekeeping mechanims that produces 
rhythms with periods of near 24 hours in a host of physiologi-
cal processes (Vitaterna et  al., 2001). Sleep homeostasis 
adjusts sleep processes to account for time spent in wakening 
and accumulated sleep pressure since the last consolidated 
sleep bout (Deboer, 2018). Dysfunction of the circadian sys-
tem and/or the sleep homeostat may contribute to sleep prob-
lems in ADHD (Bijlenga et  al., 2019). Studies of children, 
adolescents and adults with ADHD, utilizing both objective 
and subjective assessment of rest and activity cycles show sig-
nificant variations in daily rhythms in behavioral, cognitive, 
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endocrine, physiological and molecular processes, when com-
pared to typically functioning individuals (Korman et  al., 
2019). Studies of circadian rhythms in adults with ADHD 
consistently report alterations in circadian phase, chronotype 
and other circadian parameters, indicating that the circadian 
clock may play an important role in adult ADHD (Coogan and 
McGowan, 2017).

As sleep and circadian function are profoundly influ-
enced by life course (Roenneberg et al., 2007), there may be 
differential relationships of sleep, circadian rhythms and 
ADHD symptoms across the life course (Hegarty et  al., 
2019). This may be most marked during adolescence given 
the neurodevelopmental, behavioral and sleep-related 
changes that occur during this period (Pokhrel et al., 2013). 
As such, to gain a comprehensive insight into such relation-
ships, it may be most useful to examine relatively narrow 
age ranges, especially in childhood and adolescence.

In the present review, we sought to synthesize the current 
evidence relating to sleep and circadian function in children 
between the ages of 5 and 13. We identified the need for 
such a review through a survey of the extant systematic 
reviews on sleep and/or circadian rhythms and ADHD via 
the Prospero and Cochrane registers of existing reviews in 
this field (supplementary material). The existing literature 
reviews in this topic either narrowly concentrate upon dis-
cussing possible treatment strategies and therapeutic 
approaches (Alamar et  al., 2015; Bioulac et  al., 2015; 
Cortese et al., 2013; Hvolby et al., 2015; Nikles et al., 2020; 
Tsai et al., 2016), or review the relationships between spe-
cific sleep features and ADHD in smaller systematic 
reviews focused on specific sleep feautres (Martin et  al., 
2019; Mogavero et al., 2018; Polmann et al., 2020; Sadeh 
et  al., 2006; Martins et  al., 2019; Scarpelli et  al., 2019; 
Walters et  al., 2008). Further, a number of reviews focus 
generally on the pharmacotherapy of ADHD, and as such 
sleep issues are of secondary interest in these works 
(Abdelgadir et  al., 2018; Cortese et  al., 2018; Krinzinger 
et al., 2019; Punja et al., 2016; Storebø et al., 2016, 2018). 
Although, a selected group of reviews do explore sleep and 
circadian rhythms in ADHD, they do so for adult ADHD 
(Coogan and McGowan, 2017; Lugo et  al., 2020; Díaz-
Román et  al., 2018; Wajszilber et  al., 2018). Given that 
more than half of the ADHD diagnosis is made during 
childhood (Pastor & Reuben, 2008; Visser et  al., 2010) 
clearly defining the changes in sleep/wake rhythms in the 
childhood ADHD population is vital. As such, we have 
identified a need for an up-to-date, systematic and broad 
review of the association of sleep and ADHD in childhood, 
and it is to this need that the current study is addressed.

Methods

The method of this systematic review was developed in 
accordance to the Preferred Reporting Items for Systematic 

Reviews and Meta-Analysis (PRISMA) criteria (Liberati 
et al., 2009). Given the wide variety of sleep and circadian 
rhythms measurements used in extant studies reviewed, and 
the broad nature of the review, we decided that meta-analy-
sis would not be useful given the high level of methodologi-
cal heterogeneity. Acknowledging this methodological 
heterogeneity in the current literature, limiting our study to 
a meta-analysis would limit our discussion to only a spe-
cific assessment modality, thereby restricting the scope of 
our project. Rather, we sought to systematically review the 
literature and conduct a narrative synthesis.

Study Eligibility Criteria

For inclusion, studies must have had clearly identifiable 
cohorts of children between the age group of 5 to 13 years old 
with a diagnosis of ADHD through standardized diagnostic 
tools. We have restricted our participant criteria to ADHD 
diagnosed individuals because including a general population 
or clinical sample of children would lead to the overlapping 
presence of features characterizing different neurodevelop-
mental disorders, developmental delays and other psychiatric 
disorders. Any studies in humans that discussed findings of 
sleep or circadian functioning (subjectively or objectively 
measured through sleep logs, questionnaires, psychological 
tests, actigraphy, polysomnography or other physiological 
techniques) in cohorts with clinical assessment of ADHD 
symptoms were included for further reading, given that they 
adhered to the following: is an original, peer-reviewed and 
published paper that discussed empirical primary study find-
ings (conference abstracts, book chapters, academic letters 
and reviews were excluded); the language of the article was 
English; and the publication date was between 1st January 
2009 to 31st December 2019.

Search Strategy, Screening, and Extraction

We used the search logic (“Attention Deficit Hyperactivity 
Disorder” OR “ADHD” OR “Hyperkinetic disorder”) AND 
(“Sleep” OR “Circadian” OR “Chronotype” OR “Actigraphy” 
OR “Polysomnography” OR “Diurnal Preference”) to search 
PubMed, Embase, Web of Science and Clinical trials.org 
databases for studies published between 1st January 2009 
and 31st December 2019. After recording search results from 
individual databases, all results were consolidated in the 
EndNote application and the first attempt at removing the 
duplicates from each database search was made. The resul-
tant record of 2,540 studies were then uploaded to the Rayyan 
website (https://rayyan.qcri.org/), an online application for 
creating article databases for systematic reviews. From this 
initial group of studies, all study abstracts were screened to 
be filtered (based on previously decided inclusion criteria) in 
to “included”, “excluded”, “maybe” and duplicate categories. 
The “maybe” category was subsequently reviewed by all 
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three authors to reach a consensus about being either included 
in the core review list of studied articles or completely 
excluded. Next, the “included” list of studies were further 
discussed in detail to filter out articles that were not congru-
ent with the inclusion criteria.

Figure 1 includes the PRISMA flowchart representing 
the step by step exclusion leading to the final group of 
selected articles. The process of data extraction included the 
first author selectively mining the following information 
from the articles to form a master excel sheet of studies 
included in the core review list: study title; authors; study 
design; study objective; participant characteristics (includ-
ing sample size, diagnosis, gender, ADHD medication use, 
and age); primary measures used; limitations and summary 
of main results.

Results

Overall 148 articles were included for review, encompassing 
findings from a total 12427 children diagnosed with ADHD, 
29,068 typically developing children and 858 children with 
other clinical/psychiatric conditions. The selected pool of 
articles consisted of 61 case control studies, 19 cross sectional 
studies and 16 longitudinal studies. For the psychological and 

pharmacotherapy-based intervention studies, 33 randomized 
controlled trials, 17 intervention trials, and 1 each of group 
discussion and survey method study were recorded. For struc-
tured review of these studies, we categorized them into five 
sections: (1) articles exploring sleep in children diagnosed 
with ADHD; (2) articles exploring circadian rhythms and 
chronotype in children diagnosed with ADHD; (3) articles 
exploring functional consequences of sleep functioning in 
children with ADHD; (4) articles exploring sleep-related 
interventions and their impact on sleep and daytime function 
in childhood ADHD, and (5) articles exploring childhood 
ADHD pharmacotherapy effects on sleep. Studies from each 
category has been represented in separate tables (Supporting 
material B).

Sleep in Children Diagnosed with Attention 
Deficit Hyperactivity Disorder

Subjective assessment of sleep in children with ADHD through 
Parental/caregiver/teacher reports.  In this section the studies 
reviewed report differences in parent-rated sleep variable 
measures for children with ADHD when compared to a typi-
cally functioning group (study details provided in Table 1). 
Significantly higher parental ratings on the Child Sleep Hab-
its Questionnaire (CSHQ) for bedtime resistance, sleep anxi-
ety, parasomnias, sleep onset delay, sleep disordered 
breathing, day time sleepiness and a global sleep disturbance 
score was found among children with ADHD when com-
pared to age matched control group (Abou-Khadra et  al., 
2013; Chiraphadhanakul et al., 2015; Moreau et al., 2013). 
Exploring the above variables further, Lycett, Mensah, et al. 
(2015) found that a parent reported 7-day sleep log and 
CSHQ ratings revealed a distinct sleep pattern: children with 
moderate/severe sleep problems had shorter sleep duration 
(by −30 minutes), more night awakenings and longer sleep 
latency when compared to those with no/mild sleep prob-
lems. Additionally, Lycett, Mensah, et al. (2014) found that 
among 195 children with ADHD (5–13 years), 49% had 
transient parental-reported sleep problems (assessed through 
CSHQ), whereas 10% were reported to have persistent sleep 
problems. For persistent sleep problems, risk factors were 
found to be internalizing and externalizing symptoms sever-
ity, medication use and ADHD symptoms severity, whereas 
for transient sleep problems, poor parental mental health and 
co-occurring internalizing and externalizing behaviors were 
found to be risk factors (Lycett, Sciberras, et  al., 2014). 
Using the CSHQ, it was also found that elevated scores on 
individual subscales (sleep onset latency, night waking, day-
time sleepiness, sleep duration, parasomnias, daytime sleep-
iness) among the ADHD cohort were positively associated 
with a variety of parent reported externalizing behavioral 
problems (social, attentional and disruptive behaviors) and 
functional impairment (family, school, life skills, social 
activities and risky actions) (Aronen et al., 2014; Choi et al., 

Figure 1.  PRISMA flowchart representing the step by step 
exclusion leading to the final group of selected studies.
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2010; Eyuboglu & Eyuboglu, 2018). Additionally, subjec-
tive reports by parents revealed that sleep problems emerg-
ing early for children (aged 6–8 years) with ADHD (n = 177) 
are uniquely associated with co-occurring internalizing and 
externalizing behaviors (Sciberras et al., 2016).

Williams and Sciberras (2016) report in a longitudinal 
study that children with mother-reported ADHD symptom-
atology had significantly more behavioral sleep concerns, 
along with poorer emotional and attentional regulation, and 
these features were evident from 2 to 3 years and remained 
poorer up to the age of 6 to 7 years (ADHD n = 112, ADHD 
symptomatic n = 648). In another longitudinal study of 5 to 
14 year-old children, 4204 responses revealed parent-reported 
sleep problems “often” were independently associated with 
early remitter and persistent attention problems, and “some-
times” associated with early remitter and adolescent onset 
attention problems (O’Callaghan et al., 2010). Persistence of 
parent-reported sleep problems with usual treatment after 
diagnosis was found not to differ for 39 children with ADHD 
(7–13 years) when measured at 2 time points (within 
18 months, through the CSHQ) with parent ratings above the 
clinical cut off score of 41 at both time points (Hansen et al., 
2013), indicating that sleep problems may run a chronic 
course among children with ADHD.

Parent/caregiver-reported presence of sleep-related psy-
chological problems have been found among children with 
ADHD (n = 30, aged 5–13 years), such as more incidence of 
anxiety, nightmares and needing the bedroom lights to be 
on (Gomes et  al., 2014). Sluggish cognitive tempo was 
found to be associated with shorter sleep duration, poorer 
sleep, being harder to wake and becoming alert after wak-
ing in the morning among 147 ADHD-inattentive children 
aged 6 to 11 years (Becker, Pfiffner, et al., 2016). Hvolby 
et al. (2009) found that 13.3% of all children with ADHD 
(45) have nightmares, compared with only 1.4% of healthy 
children (212). It is also important to note here that parental 
ratings for 7 to 13-year-old children with ADHD comorbid 
with anxiety disorder (n = 25) revealed not only higher 
scores for CSHQ, but also higher occurrence of sleep anxi-
ety and night waking (Hansen et  al., 2011). Rodopman-
Arman et al. (2011) found that among their ADHD sample 
of children (n = 40), about 22% (vs. 2.9% of the control 
group) needed their parents to accompany them while going 
to sleep, and transitional objects were needed by 8.1% of 
children with ADHD in contrast to 2.9% of controls (n = 40).

Considering parent-reported sleep latency and total 
obtained sleep, significant differences have been observed in 
children with ADHD. In a group of 147 ADHD-predominantly 
inattentive (ADHD-I) children (aged 6–11 years), 14 percent 
were reported to achieve less sleep than recommended age-
appropriate duration (7.5–11 hours), and 31% showed sleep 
onset latency greater than 20 minutes (Becker, Froehlich, 
et al., 2016). Similar findings were also reported by Hvolby 
et al. (2009) when 31% of children with ADHD (n = 45) were 

reported to be unwilling to go to bed, 22% had difficulty fall-
ing asleep and a greater proportion of children with ADHD 
had long sleep latency time compared to healthy controls 
(n = 212) and a non-ADHD psychiatric group (n = 64). 
Moreau et  al. (2014) found that 41 children with ADHD 
(both medicated and un-medicated) had a higher score than 
the control group (n = 41) for the scale of Insomnia Severity 
Index for children (ISI-C).

Poorer ratings for sleep quality, duration and efficiency 
have also been reported for children with ADHD. Parents 
reported poorer total sleep quality scores on the Pittsburgh 
Sleep Quality Index (PSQI) for 28 children with ADHD 
(8–12 years) along with higher sleep latency and lower 
reported sleep efficiency when compared to the typically 
functioning group (Akinci et al., 2015). In this same study, 
increased scores for daytime sleepiness among the ADHD 
group were also reported. Children with ADHD (n = 15) 
have been reported to achieve shorter sleep duration and to 
be more restless in bed compared to controls (n = 36) 
(Andersson & Sonnesen, 2018). A longitudinal study of an 
ADHD cohort (n = 173) found a consistent decrease in 
sleep duration by one standard deviation to be a signifi-
cant predictor of ADHD at 3 to 5 years; additionally, night 
waking was significantly present from the age of 5 years 
through to 9 years 7 months (Scott et al., 2013). Reynaud 
et al. (2018) found that both parent-reported night waking 
and inattention/hyperactivity trajectories were strongly 
correlated between 2 and 5 to 6 years (n = 1,324). Even for 
a younger age group, longitudinal study (ages 1.5 to 
5 years, using self-administered questionnaires for the 
mothers of 2057 children), night time sleep duration and 
hyperactivity trajectories were highly inter-correlated 
(Touchette et  al., 2009). The same study also found that 
children with shorter sleep duration and high hyperactivity 
scores were boys from low income families and with 
mothers having low educational attainment. The link 
between shorter sleep duration and ADHD symptomatol-
ogy was also reported when 411 parent–child dyads were 
assessed at two time points (Kindergarten and primary 3 in 
China, 5–9 years), revealing a higher risk of probable 
ADHD in primary 3 (as measured through parent rated 
questionnaire and DSM-V) for children who slept less 
than 8 hours during kindergarten, as opposed to those chil-
dren who slept between 11 and 12 hours during kindergar-
ten (Tso et al., 2019). Here the authors also found a higher 
prevalence of probable ADHD among children who had 0 
to 3 days of good quality sleep (during primary 3) as com-
pared to the children who had 6 to 7 days of good quality 
sleep. A longitudinal analysis from childhood to early 
adulthood (n = 2,042) in a twin cohort (ADHD diagnoses 
at 5,7,10,12 and 18 years-old) revealed that children with 
ADHD had poorer sleep quality in young adulthood (self-
rated by patient), but only if their ADHD persisted 
(Gregory et al., 2017).
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Particular trends of parental reported sleep problems 
have been identified for individual ADHD subtypes. As 
compared to inattentive subtype, ADHD hyperactivity sub-
type children received elevated ratings on the CSHQ 
(Eyuboglu & Eyuboglu, 2017; Grünwald and Schlarb, 
2017). Grünwald and Schlarb (2017) also noted higher 
comorbid occurrence of insomnia and nightmares in this 
sub group (6–13 years, n = 72). Subjective reports by par-
ents revealed higher prevalence of sleep problems in chil-
dren with ADHD combined presentation (30%) as compared 
to ADHD inattentive presentation (17%), however this 
finding was not statistically significant (Sciberras et  al., 
2016). However, in a previous study by Hansen et al. (2011), 
ADHD combined and hyperactive subtype ratings did not 
differ from ADHD inattentive on the CSHQ scale (7–
13 years, n = 39).

Bessey, Richards, et al. (2013) studied parental attitudes 
and beliefs with regard to their ADHD child’s sleep as com-
pared to those held by parents of typically developing chil-
dren. In this study, 84 respondents on the Sleep Attitudes 
and Beliefs Scale (SABS) were parents of children with 
ADHD, 92 of ASD (Autism Spectrum Disorder) children 
and 179 were parents of typically developing children (all 
children 5–12 years). Results indicated that compared to the 
TD children’s parents, both ADHD and ASD children’s par-
ents reported that their child’s sleep problems are less modi-
fiable and responsive to change. A number of studies have 
focused on parent’s own level of functioning and daily 
behaviors that might be associated with their children’s 
sleep problems. Matsuoka et al. (2014) found a higher sig-
nificant positive correlation between parent reported total 
CSHQ scores for their ADHD/ASD children (n = 43, 
6–12 years) and their own sleep quality’s self-report using 
the Pittsburgh Sleep Quality Index (PSQI) when compared 
to parents of typically functioning children. In a cross sec-
tional study among 67 children with ADHD (5–12 years) 
Noble et al. (2011) found that parental-reported lack of con-
sistent daily routine was a significant predictor for their 
child’s bedtime resistance and along with that parenting 
stress was negatively correlated with daily implemented 
living routines and also predicted sleep anxiety for the child 
with ADHD. Additionally, parent implemented daily living 
routine was correlated with the family’s income and lower 
income parents tend to implement less consistent daily rou-
tines. Consistent with these findings, Sciberras et al. (2017) 
found that for 361 children with ADHD (5–13 years) greater 
parenting consistency and better sleep hygiene were associ-
ated with decreased bedtime resistance, while better sleep 
hygiene was associated with lower levels of daytime sleepi-
ness, less delayed sleep onset (associated with greater 
parental warmth), and fewer sleep duration difficulties.

Objectively measured macro-structural properties of sleep 
among children with ADHD.  Several studies have utilized 

actigraphic measures for the estimation of total sleep time 
and sleep latency among children with ADHD (studies 
detailed in Table 2). Case control investigations have 
revealed shorter sleep duration and longer sleep latency 
among children with ADHD compared to the typically 
developing control group (Lee et  al., 2014; Miano et  al., 
2019; Moreau et al., 2013). Moreau et al. (2013) also found 
that children with ADHD (n = 43, 6–13 years) with comorbid 
psychiatric conditions had significantly longer sleep onset 
latency when compared to the ADHD-only group or the con-
trol group. When total sleep time is considered it was also 
found that children with ADHD with comorbid conduct dis-
order (n = 16) slept significantly less than children in the 
control group (n = 30) and those with only conduct disorder 
(CD= 4) as measured through actigraphy (difference of 
−50 minutes; Aronen et  al., 2014). Contrary to the above 
findings, Wiebe et  al. (2013), Bergwerff et  al. (2016) and 
Waldon et al. (2018) found no significant difference in actig-
raphy-measured total sleep time and sleep latency for chil-
dren with ADHD as compared to typically developing 
control groups. The study by Waldon et al. (2018) also found 
that sleep duration significantly predicted performance on 
an objective attention test in both children (6–12 years) with 
ADHD (n = 25) and TD (n = 25) children, but did not signifi-
cantly predict parent-reported attention supporting that poor 
sleep would predict poor attention regardless of whether or 
not the child had ADHD (Waldon et al., 2018). For night-to-
night variability in actigraphic sleep parameters among 7 to 
12-year-old ADHD (n = 50) and typically developing chil-
dren (n = 50), significant difference in sleep duration was 
only found among the different nights, but the difference 
was not significant between the ADHD and the control 
group (Poirier & Corkum, 2018). However, if the presence 
of comorbid CD/ODD is considered, Bergwerff et al. (2016) 
found that for time in bed, significant interaction effects 
were found between the aggregated ADHD measure and 
parent and teacher rated CD and Oppositional defiant disor-
der (ODD) (n = 63, 6–13 years); similarly, for total sleep time 
significant interactions between the aggregated ADHD mea-
sure and parent and teacher rated internalizing and CD/ODD 
behavior.

For sleep efficiency quantitated through actigraphy 
recordings, children with ADHD (n = 43, 6–13 years) were 
found to have significantly lower sleep efficiency compared 
to healthy control group children (Moreau et  al., 2013). 
Children (7–12 years) with ADHD and comorbid conduct 
disorder (n = 16) had significantly lower sleep efficiency 
than both children in the control group (n = 30) and those 
with only conduct disorder (n = 14) (Aronen et al., 2014). 
However, Lee et al. (2014) found no significant difference 
in sleep efficiency between the ADHD group (n = 37) and 
typically developing peers (n = 32) in the same age group. 
When sleep actigraphy results at home and sleep lab were 
compared for 25 children with ADHD (6–12 years) with age 
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matched control group, both groups slept 50 minutes less in 
the sleep lab and sleep efficiency was improved for the typi-
cally developing group (n = 25) in the sleep lab conditions, 
but not for children with ADHD (Bessey, Coulombe, et al., 
2013).

Assessment of restlessness or movement during sleep 
measured through actigraphy has indicated increases in the 
sleep fragmentation index among children with ADHD in a 
number of studies. Wake after sleep onset (WASO) refers to 
periods of wakefulness occurring after defined sleep onset 
(Shrivastava et al., 2014) and has also been explored in a 
number of studies with children with ADHD. When com-
pared to typically developing 7 to 12 years-old children 
(n = 32), children with ADHD ( n = 37) were found to have 
more WASO and higher fragmentation index scores (Lee 
et al., 2014). For children with ADHD, error and response 
latency rate on an objective test of impulsivity was also 
positively correlated with the WASO and fragmentation 
index (Lee et al., 2014). Mean activity count per wakening 
epoch after sleep onset are also reported to be elevated in 
children with ADHD compared to typically developing 
children and higher still in children with ADHD and comor-
bid psychiatric condition. However, Bergwerff et al. (2016) 
found no significant difference in actigraphic measures of 
nocturnal motor activity for children with ADHD (n = 63) as 
compared to typically developing control group (n = 61).

Objectively measured micro-structural properties of sleep in chil-
dren with ADHD.  A number of studies have studied Rapid 
Eye Movement (REM) sleep characteristics measured by 
nocturnal polysomnography (PSG) in children with ADHD 
(studies detailed in Table 3). Akinci et al. (2015) found that 
8 to 12-year-old children with ADHD (n = 28) had a lower 
percentage of REM sleep compared to healthy controls 
(n = 15). A home PSG also found significantly shorter dura-
tion of REM sleep, smaller percentage of total time spent in 
REM sleep and shorter sleep duration, in the ADHD group 
(n = 15) compared to control group (n = 23) children aged 7 
to 11 years (difference of ~15min per night in REM sleep; 
Gruber et al., 2009). Díaz-Román and Buela-Casal (2019) 
report that similar age group children with ADHD (n = 20) 
had shorter REM latency compared to typically developing 
children (n = 20) and Grissom et al. (2009) found that 6 to 
10-year-old children with ADHD (n = 13) showed signifi-
cantly lower frequency of eye movement during REM sleep 
compared to the control group (n =16).

For Non-REM (NREM) sleep properties in children 
with ADHD, Akinci et al. (2015) report lower cyclic alter-
nating pattern (CAP; periodic EEG activity which recurs at 
intervals up to 2 minutes), proportion of sleep time spent in 
total NREM and in Stage 2 (N2) sleep along with reduced 
A1 index (high voltage slow wave EEG activity) in N2 as 
well as shorter sequence mean duration and lower CAP rate 
A1. The authors also found that children with ADHD 

(n = 28, 8–12 years) had had lower SpO2 and NREM SpO2 
(both being significantly correlated to the Sleep Quality 
subjective measure, PSQI). Grissom et  al. (2009) found 
that children with ADHD (n = 13, 6–10 years) had signifi-
cantly lower percentage for stage 2 sleep when compared 
to controls and conversely that they had significantly 
higher percentage of stage 3 sleep when compared to con-
trols. In line with the above findings, Silvestri et al. (2009) 
found significant differences in almost all of the studied 
sleep variables (REM%, N3% N2%, N1%, SE% (sleep 
efficiency), TST (total sleep time) MIN, REM Latency, 
SLEEP Latency) between 55 children with ADHD and 20 
controls (6–12 years). Markovska-Simoska and Pop-
Jordanova (2017) found children with ADHD have 
increased absolute power of slow waves (theta and delta) 
as compared to matched controls. When the power of slow 
sleep spindles during stage 2 NREM sleep was evaluated, 
Saito et  al. (2019) found that the ratio of 12-Hz frontal 
spindle power was higher in 5 to 13-year-old ADHD 
(n = 21) than in the typically developing children (n = 18) 
(especially for children with ADHD with comorbid ASD), 
and also that the ratio of 12-Hz spindles was significantly 
correlated with reaction time variability on a CPT to mea-
sure attention. EEG power spectral analysis revealed sig-
nificant differences concentrated in the period immediately 
after spindle epochs, in the left hemisphere of the brain, in 
almost all bands, with greater values in control (n = 7) than 
in children with ADHD (n = 8) among 6 to 10 year olds (De 
Dea et al., 2018).

Topographical distribution of Slow Wave Activity 
(SWA) recorded through high definition EEG nocturnal 
recordings in children with ADHD revealed a local increase 
of SWA in a cluster of six electrodes over central regions in 
6 to 12-year-old children with ADHD (n = 9) compared to 
control (n = 9) children, indicating a less mature topographi-
cal SWA distribution in comparison to healthy children of 
the same age and sex (Ringli et al., 2013). In another study, 
full night high definition PSG assessment of children with 
ADHD revealed a decrease of SWA during the night, with a 
focus of SWA over the centro–parietal–occipital regions 
and greater delta power over the posterior cingulate in par-
ticipants with ADHD (n = 30, 7–13 years) (Miano et  al., 
2019). However, there is a level of inconsistency in the lit-
erature regarding sleep EEG findings in children with 
ADHD. Příhodová et al. (2012) found no significant differ-
ences in any of the CAP parameters between 7 and 12 year 
children with ADHD (n = 14) and controls (n = 12). On simi-
lar lines, in an earlier study, Choi et  al. (2010) found no 
significant differences between ADHD and healthy groups 
in any of the polysomnographic sleep measures. Again, 
when studying the effect of stimulant medication (MPH) on 
sleep architecture in 27 children (6–12 years) with ADHD, 
Galland et al. (2010) found that sleep architecture was pre-
served and the arousal indices remained unchanged.
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PSG has also been used to assess other sleep features in 
children with ADHD. Multiple Sleep Latency test (MSLT) 
using PSG measures among 7 to 11-year-old children with 
ADHD revealed that longer time in slow-wave sleep were 
positively related to mean sleep latency and longer acti-
graph-measured time awake and more actigraph-measured 
activity were associated with longer mean latency on the 
MSLT (Wiebe et al., 2013). In another MSLT study, although 
mean sleep latency showed no inter-group differences 
between the ADHD (n = 31) and control group (n = 26), for 
the ADHD group a significant inter-test variability was 
observed, that is sleep latency values displayed statistically 
significant differences between some of the tests during the 
day (between the 1st and the 2nd,4th and 5th test) (Prihodova 
et al., 2010). Miano et al. (2019) report that children with 
ADHD (n = 30, 8–12 years) showed a higher Apnea-
Hypoapnea Index (AHI) than control group children (n = 25). 
The particular functional importance of sleep-disordered 
breathing in children with ADHD was shown in a study in 
which 61 (8–13 year old) children with ADHD with or with-
out obstructive sleep apnea underwent an oddball auditory 
attention test coupled with detection of P300 (Event related 
potentials) followed by an all-night PSG, and revealed sig-
nificant decreased amplitude of the P300 potential in chil-
dren with Obstructive sleep apnea (OSA) +ADHD, when 
compared with children with only ADHD (Henriques Filho, 
2016). However, there is not complete concordance between 
studies in this area: a two night PSG data (6–12 years) 
revealed no significant differences between control group 
(n = 28) and children with ADHD (n = 28) for presence of an 
AHI >1 (where a threshold of >1 AHI event per hour is of 
clinical relevance) or snoring (Galland et al., 2011). Further, 
within the same age group, Prihodova et al. (2010) found no 
significant difference in the occurrence of sleep disordered 
breathing between ADHD (n = 31) and control children 
(n = 26) following a 2 night PSG and MSLT study. With 
regards to periodic limb movements recorded during PSG, 
Akinci et al. (2015) found that the periodic limb movement 
index (PLMI) was higher in children with ADHD (n = 28) 
compared to the control group (n = 15). Prihodova et  al. 
(2010) found no significant difference in the occurrence of 
periodic limb movements in sleep between 6 and 12-year-
old ADHD (n = 31) and control (n = 26) children following a 
2 night PSG and MSLT study, although a statistically signifi-
cant difference was found in the trend for periodic limb 
movement index (PLMI) between two nights (a decrease of 
PLMI in the ADHD group and an increase of PLMI in the 
control group during the second night).

Circadian Rhythms and Chronotype in Attention 
Deficit Hyperactivity Disorder

Cortisol rhythms.  A number of studies have examined diur-
nal variations in salivary measures for cortisol, which is 

under strong circadian control as the end product of the 
hypothalamic-pituitary-adrenal (HPA) axis in children with 
ADHD and matched control groups of typically functioning 
children (studies detailed in Table 4). Salivary Cortisol 
awakening response (CAR) was found to be lower in chil-
dren with ADHD (n = 62) than in controls (n = 40) with a 
pronounced difference for the ADHD combined presenta-
tion (hyperactive and inattentive; Angeli et al., 2018). Con-
trary to the above finding, a couple of studies revealed no 
difference in CAR response between ADHD and control 
groups (Imeraj et al., 2012; Buske-Kirschbaum et al., 2019). 
Children with ADHD treated with Methylphenidate and 
with higher morning cortisol levels were found to have bet-
ter CPT performance (specifically for impulse control) 
compared with those with lower levels of the same (n = 50, 
6–12 years; Wang et al., 2017). For diurnal cortisol rhythms, 
children with ADHD compared to typically developing 
children had significantly lower levels of salivary cortisol at 
a number of time points during the day (Angeli et al., 2018). 
Interestingly, Imeraj et al. (2012) showed that for cortisol 
measures at a number of different time points in a day (wak-
ing, noon, 4pm and 8pm) orthogonal contrasts of the overall 
ADHD group (n = 33, 6–12 years) and the control group 
(n = 33) did not reveal any group differences, although 
orthogonal contrasts comparing the ADHD + Oppositional 
defiant disorder and the ADHD groups revealed significant 
difference in cortisol measures. In this study specifically, 
ADHD + ODD subgroup showed significantly higher 
morning and lower evening levels, resulting in a steeper lin-
ear decrease in cortisol levels throughout the day as com-
pared to the ADHD subgroup (Imeraj et  al., 2012). As a 
measure of total cortisol output, lower levels of AUCg (area 
under the curve with respect to ground) and AUCi (area 
under the curve with respect to increase) for “wake to bed” 
period was found in 6 to 10-year-old children with ADHD 
combined presentation and ADHD-I, suggesting lower 
overall cortisol secretion over a 24-hour period (Angeli 
et al., 2018). On the other hand, Buske-Kirschbaum et al. 
(2019) demonstrated no group differences for AUCg diur-
nal profiles among ADHD (n = 34, 6–12 years) and control 
group children.

For stress responses in salivary cortisol, Angeli et  al. 
(2018) showed no statistically significant differences in pre- 
and post-stress responses (induced through venipuncture) 
between the ADHD (n = 62) and control group (n = 40). 
Additionally, these authors did not report different diurnal 
profiles for the enzyme alpha-amylase for children with 
ADHD, although after stress response there was an increase 
in alpha-amylase in the control group but not the ADHD-
combined and inattentive groups (Angeli et al., 2018). Buske-
Kirschbaum et  al. (2019) measured stimulated cortisol 
secretion (via acute psychosocial stressor elicited by the Trier 
Social Stress Test), a less pronounced cortisol response was 
found in the ADHD group (n = 34, 6–12 years) compared to 
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the control group, along with a negative correlation between 
ADHD symptom score and cortisol stress response (higher 
the ADHD symptoms, lower the cortisol response).

Cardiovascular rhythms.  When considering diurnal profiles 
for heart rate and activity patterns in children with ADHD, 
Imeraj et al. (2011) found that heart rate levels were signifi-
cantly higher in the ADHD group (n = 30) compared to the 
control group (n = 30), with these group difference particu-
larly expressed during nighttime and afternoon. In the same 
study, 24-hour activity patterns measured through actigraphy 
revealed that between 9 and 10 a.m. and between 11 a.m. and 
4 p.m. activity levels were significantly higher in the ADHD 
group (Imeraj et al., 2011). On similar lines, when seasonal 
changes in activity profiles were investigated (with two time-
point measurements, T1: December & T2: June) difference 
between the children with ADHD’s levels (n = 10) of noctur-
nal motor movement in December and in June was greater 
than that of the control group children (n = 5; Langevin & 
Ramdé, 2012). In this study, it was found that children with 
ADHD treated with psychostimulants had higher level of 
nocturnal motor movements when compared to untreated 
children with ADHD. With regard to seasonal change in 
sleep, children with ADHD had significant improvement in 
sleep quality in T2 as compared to controls.

Melatonin, chronotype, and diurnal activity rhythms.  When 
assessing melatonin rhythms, a study showed that although 
children with ADHD did not differ from control children in 
melatonin peaks and maximum night-time levels, their 
24-hour melatonin profiles differed significantly, with the 
duration of the nocturnal melatonin signal shortened in chil-
dren with ADHD between the ages of 10 and 12 years, due 
to the significantly earlier morning melatonin decline in the 
ADHD group (n = 34; Novakova et  al., 2011). In another 
study by Paclt et al. (2011) found no difference in melatonin 
levels between the 6 to 12-year-old ADHD (n = 4) and con-
trol group (n = 43). Tarakçioğlu et  al. (2018) investigated 
chronotype preference among children with ADHD (n = 53) 
and typically developing (n = 38) children aged 6 to 12 years 
using the Children’s chronotype questionnaire, and revealed 
no specific morning/evening preference for the ADHD 
group compared to controls. Van der Heijden et al. (2018) 
similarly found that chronotype did not differ significantly 
between groups (ADHD, control and ASD), but evening 
type was associated with sleep problems in children in the 
ADHD (n = 44) and TD groups (n = 243). When sleep/activ-
ity data was collected at 2 years via actigraphy for 99 pre-
term children, and the results were assessed using time 
series analysis by comparing each child’s sleep/activity cir-
cadian cycle, it was found that higher toddler activity level 
was associated with fewer teacher-reported ADHD symp-
toms and a lower risk for illness-related medical visits at 
6 years (Schwichtenberg et al., 2016).

Functional Consequences of Sleep Functioning in 
Children with ADHD

Behavioral consequences.  Emotional and behavioral prob-
lems may contribute to sleep problems in ADHD, and may 
also exacerbate negative impacts of disturbed sleep in chil-
dren with ADHD (relevant studies detailed in Table 5). It is 
reported that anxiety ratings in children aged 7 to 13 years 
with ADHD (n = 181) were associated with bedtime resis-
tance and sleep anxiety, whereas depressive symptoms 
were associated with shorter sleep duration and increased 
day time sleepiness, along with a unique association of 
oppositional defiant symptoms with shorter sleep duration; 
further girls with ADHD had more sleep problems and 
greater anxiety than boys (Becker, Froehlich, et al., 2016). 
As such, anxiety and/or depression exacerbated total sleep 
problems and further interacted with ADHD symptoms to 
predict sleep length and sleep duration problems (Tong 
et  al., 2018, ADHD symptoms n = 82, 9–12 years). Simi-
larly, teacher reported daytime sleepiness in 5 to 13-year-
old children with ADHD was associated with higher levels 
of emotional and behavioral problems in the classroom 
(n = 257, Lucas et  al., 2019). Poorer caregiver reported 
well-being (behavioral and emotional problems) in simi-
larly aged children with ADHD (n = 186) was associated 
with transient or persistent sleep problems (Lycett et  al., 
2016). Further, sleep problems in ADHD are positively 
correlated with parent-reported perfectionism, psycho-
somatic complaints and anxious thoughts (Blunden et al., 
2011, n = 88) and predicted adolescent irritability (Mul-
raney et al., 2017, n = 140). Children with ADHD and inter-
nalizing comorbidities had higher reported sleep anxiety 
than children with ADHD alone (Lycett, Sciberras, et al., 
2015, n = 392). Mulraney et al. (2016) found that although 
there is a weak evidence of a bidirectional relationship 
between sleep problems and emotional problems in 270 
children with ADHD (stable over a 12-month period 
among age of 5–13 years), they did not appear to influence 
each other after the 12-month period.

A longitudinal study (n = 3,800) exploring the relation-
ship between sleep and the presence of pre-teen delinquency 
in relation to ADHD symptomatology and diagnosis 
revealed that sleep problems during childhood were signifi-
cantly associated with higher odds of ADHD symptomatol-
ogy, receiving a ADHD diagnosis and pre-teen delinquency 
(ORs of 2.38–8.10; Jackson & Vaughn, 2017). However, 
the association between sleep problems and pre-teen delin-
quency was no longer significant once ADHD symptom-
atology and diagnosis were considered (Jackson & Vaughn, 
2017). In a study exploring the effects of circadian and 
behavioral tendencies on sleep onset problems for children 
with ADHD, it was found that for both the 7 to 11 years 
aged clinical (n = 26) and control (n = 49) group participants’ 
externalizing problems yielded significant independent 
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contributions to parental reports of bedtime resistance, 
whereas an evening circadian tendency contributed to 
parental reports of sleep onset delay and to PSG-measured 
sleep-onset latency (Gruber, Michaelsen, et al., 2012).

When considering comorbidities, it was found that children 
with ADHD (n = 392) and externalizing comorbidities had 
higher reported night waking than children with ADHD alone 
(Lycett, Mensah, et al., 2015). Internalizing and externalizing 
comorbidities such as separation anxiety, social phobia, spe-
cific phobia, obsessive/compulsive disorder, dysthymia or 
conduct disorder in children with ADHD were found to be 
associated with moderate/severe sleep problems (Lycett, 
Sciberras, et al., 2015; Thomas et al., 2018, ADHD n = 299). A 
longitudinal investigation over an average of 3.8 years found 
associations between sleep patterns (shorter sleep duration, 
later sleep timing preference, poorer sleep continuity, and 
worsening daytime sleepiness) and longitudinal changes in 
five psychiatric symptoms severity measures (mania, depres-
sion, anxiety, mood lability, and inattention/ externalizing) in 
267 high risk youth aged 10 to 18 years (including 145 ADHD 
individuals) (Soehner et al., 2019).

Consequences for cognitive and executive functioning.  Moreau 
et al. (2013) reported a strong relationship between reduced 
total sleep time (measured through actigraphy) and increased 
executive functioning concerns among 6 to 13-year-old chil-
dren with ADHD (n = 43) in a parent-reported scale measur-
ing emotional/behavioral and cognitive regulation. In a 
longitudinal study (n = 271) it was found that children for 
whom more sleep problems were reported at 3 years, with 
executive control deficits (working memory and inhibitory 
control) found at 4.5 years, had greater ADHD symptomatol-
ogy in 4th grade, and children with both sleep problems and 
executive control deficits experienced more hyperactivity 
than those with high executive control functions (Kidwell 
et al., 2017). Further, it was reported that the reduced inhibi-
tory control found among 18 children with ADHD (in an 
inhibition-attention task), remained unchanged after sleep, 
whereas inhibitory control improved significantly among 
typically developing children (n = 15) after sleep (Cremone 
et al., 2017). REM sleep theta activity was positively associ-
ated with morning inhibitory control in TD children but not 
in children with ADHD, even with REM theta activity being 
significantly greater in the ADHD group compared to the 
TD group (Cremone et al., 2017). However, Sciberras et al. 
(2015) reported most parent-reported sleep problem domains 
were not associated with the ADHD child’s working mem-
ory performance (measured through objective working 
memory test), with the exception of bedtime resistance and 
night-waking difficulties (n = 189, 5–13 years). Children 
with ADHD symptoms (n = 18) exhibit attention biases 
toward positive, but not negative, stimuli whereas TD chil-
dren (n = 15) do not direct attention toward or away from 
positive or negative stimuli and these emotional attention 

biases were unchanged following overnight sleep in children 
with ADHD symptoms (Cremone, Lugo-Candelas, et  al., 
2018).

Analysis of EEG frequency during stage 2 sleep, revealed 
high voltage spindles in most children with ADHD (n = 21, 
7–12 years), dominant at the frontal pole and frontal regions 
along with slow spindle activity in children with ADHD 
(n = 11), greater than in typically functioning children 
(n = 18) and this frontal slow-spindle activity had a positive 
correlation with the variability of reaction times in the 
Continuous Performance Test (CPT) results measuring 
attention (Saito et al., 2019). Further, a significant relation-
ship between lower actigraphy-measured sleep efficiency 
and poorer attentional performance reflected through 
increased variability in reaction times on a CPT was found 
among 43 children with ADHD aged 6 to 13 years (Moreau 
et al., 2013). In another study (n = 56, not on children diag-
nosed with ADHD), CPT performance indicated that high 
reaction time scores were associated with more movements 
during sleep (measured through night actigraphy; Surratt 
et al., 2011). On similar lines, it was found that poor sleep 
was predictive of increased ADHD trait behaviors in a TD 
sample (n = 20, 5–11 years), but were not associated with 
impaired attentional capacity measured through the CPT 
(Knight & Dimitriou, 2019). However, in the same study 
poor sleep (parasomnias, time in bed, sleep latency as 
revealed through CSHQ and actigraphy) is predictive of 
reduced attentional capacity in the ADHD sample (n = 18, 
5–11 years) with no predictive power toward ADHD-related 
behaviors, demonstrating that problems with sleep may 
exert impact on typically developing and clinical childhood 
populations in distinct ways (Knight & Dimitriou, 2019).

For a sample with ADHD, TD and ADHD + Anxiety 
groups, it was found that for the whole sample (n = 102, aged 
7–13 years), increases in total reported sleep problems pre-
dicted lower alerting scores on an Attention Network Test (a 
computer based test assessing the capacity to achieve and 
maintain a state of high sensitivity to incoming stimuli; 
Hansen et al., 2013). For sleep duration, it was found that for 
7 to 11-year-old children with ADHD (n = 11), sleep shorten-
ing of 1 hour for 6 nights was associated with deterioration 
in CPT performance from subclinical to clinical ranges of 
scores, and that this deterioration in TD children (n = 32) did 
not reach clinical range; this may indicate that sleep shorten-
ing exerts a significant negative impact on neurobehavioral 
functioning in children with ADHD (Gruber et al., 2011).

As an indicator of disturbed sleep’s effect on cognitive 
performance, an association between stage 2 sleep oscilla-
tions (characterized by sigma power) and cognitive perfor-
mance was found in children with ADHD (n = 17, aged 
9–12 years), when a negative correlation between sigma 
power in the parietal area and IQ was found (Bestmann 
et al., 2019). Similarly, Um et al. (2016) found that the per-
centage of stage 2 sleep in ADHD (n = 28, 6–12 years) was 
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negatively correlated with verbal IQ (WISC-III) and pre-
dicted response latency time in an evaluation of cognitive 
reflection-impulsivity. In another study (n = 56, 6–12 years), 
actigraphy-measured bed time movements predicted poorer 
performance on the cognitive assessment subscales of 
vocabulary and similarities (WISC-III subtests for assess-
ing retrieval of learned verbal information and abstract rea-
soning/concept formation respectively) and general memory 
index score (assessing immediate and short term verbal 
memory) on a standardized memory and learning test 
(Suratt et al., 2011). Zambrano-sánchez et al. (2013) found 
correlation between the presence of specific sleep disorders 
and WISC-IV measurements among 7 to 12 year old chil-
dren with individual subtypes of ADHD (n = 156); children 
with ADHD-combined presentation showed significant cor-
relations between periodic limb movements during sleep 
and coding subtest value (measuring processing speed), 
between obstructive sleep apnea-hypopnea syndrome and 
block design values (measuring Perceptual reasoning) and 
between inadequate sleep hygiene and digit span subtest 
values (measuring working memory), whereas children 
with ADHD-Hyperactivity showed significant correlations 
between sleep apnea and digit space score and inadequate 
sleep hygiene and block design scores; and finally, children 
with ADHD-Inattentive showed significant correlations 
between inadequate sleep hygiene and each of coding, 
block designs, and digits span scores (Zambrano Sanchez 
et  al., 2013). A prospective study (birth to 8.5 years, 
n = 1120) found persistent regulatory problems in sleep 
behaviors during infancy predicted lower IQ, increased 
attention deficits as observed during the test situation, and 
considerably increased odds of a ADHD diagnosis during 
preschool years (Schmid & Wolke, 2014).

When assessing procedural learning through motor 
sequence task (MST) in childhood ADHD (10–12 years), an 
association was found between slow spindle sleep EEG fre-
quency activity and overnight improvement in MST preci-
sion; specifically, MST precision was positively associated 
with slow spindle activity for the ADHD group (n = 7) but 
not for TD group (n = 14) (Saletin et al., 2017). Similarly, 
another study found that sleep-associated improvements in 
reaction times in a motor skills task were positively corre-
lated with the amount of sleep stage 4 and REM-density in 
children with ADHD (n-16) but not in the control group (n-
16), suggesting that sleep in ADHD normalizes deficits in 
daytime procedural memory (Prehn-Kristensen et al., 2011). 
Prehn-Kristensen et al. (2017) found that in a task of rating 
faces for emotional content, pupilometry and behavioral 
data revealed among 8 to 11-year-old children with ADHD 
and comorbid ODD (n = 16) performance did not improve 
after sleep, unlike the post-sleep improvement noted in the 
matched controls (n = 16). For consolidation of behavior 
learned by probabilistic reward, it was found that 8 to 
12-year-old children with ADHD (n = 7) do not show 

sleep-dependent consolidation of rewarded behavior, 
whereas typically functioning children (n = 17) consolidate 
rewarded behavior better during a night of sleep, and the 
level of consolidation correlates with non-REM sleep 
(Weisner et al., 2017).

Lifestyle factors and sleep in ADHD.  Yürümez and Kılıç 
(2016) reported that pediatric quality of life scores in 7 to 
13-year-old children with ADHD (n-=46) with sleep prob-
lems were significantly lower than control group children 
(n = 31), with ADHD children receiving worse parent rat-
ings in the scale’s Psychosocial subscale. The relationship 
between sleep-related problems and dietary intake in chil-
dren with ADHD (n = 88, 6–13 years) has been examined, 
with higher consumption of fats (mono- and polyunsatu-
rated), energy, carbohydrates and sugar being positively 
associated with sleep disturbances (Blunden et  al., 2011). 
Moreover, ADHD has been associated with lower adher-
ence to a diet of fish, pulses, pasta or rice and a significant 
difference between ADHD (n = 41, 6–12 years) and controls 
group (n = 48) for sedentary behaviors and sleep quality (by 
assessing hours of sleep on weekdays and weekends) (San 
Mauro Martín et  al., 2018). Further, an increased risk of 
obesity in children with ADHD symptoms (n = 82, 
9–13 years) was found to be associated with overuse of 
electronic devices, eating while using electronic devices, 
and delaying bedtimes to snack and use electronic devices 
(Tong et al., 2016). Considering screen time, children with 
more ADHD symptoms (n = 82, 9–12 years) and screen time 
before bedtime tended to have shorter sleep times on week-
ends (Tong et  al., 2018). A longitudinal study (n = 817) 
where parent rated sleep, TV watching, physical activity 
and engaging in cognitively stimulating activities at 4 years 
and ADHD screener and behavioral questionnaire at 7 years 
was investigated among a cohort, found that shorter sleep 
duration and less time spent in cognitively stimulating 
activities were associated with increased risk of developing 
ADHD symptoms and behavioral problems (Peralta et al., 
2018).

Sleep-Related Interventions and their Impact on 
Sleep and Daytime Function in ADHD

Details of the studies reviewed on sleep interventions and 
their impacts on daytime function in ADHD are detailed in 
Table 6. When the behavioral and neurocognitive effects of 
neurofeedback were compared to stimulant medication and 
physical activity in 7 to 13-year-old children with ADHD 
(n = 92) at 6 months’ follow-up parents and teacher reported 
improvements for neurofeedback on sleep quality (assessed 
through the Sleep Disturbance Scale; Geladé et al., 2018). A 
study assessing the effectiveness of cognitive rehabilitation 
of response inhibition in improving the quality of sleep and 
behavioral symptom of children with ADHD (7–12 years) 
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revealed significantly lower scores on the Pittsburgh sleep 
quality index (PSQI) and on the three features of hyperactiv-
ity, impulsivity and attention deficit (measured through par-
ent rated Conner’s questionnaire) for the treatment group 
(n = 10) compared to the control group (n = 10) (Yazdanbakhsh 
et  al., 2018). With regard to techniques based on sensory 
integration, Hvolby and Bilenberg (2011) studied the effect 
of using a Ball Blanket aimed at stimulating both the sensa-
tion of touch and the sense of muscle and joint (and thereby 
leading to sensory impressions that transmit inhibitory 
impulses to the central nervous system) on sleep of children 
with ADHD (n = 21, 8–13 years). The findings revealed that 
the use of Ball Blankets for 14 days improves sleep onset 
latency, individual day-to-day variation and number of 
awakenings to a level comparable with those found in the 
healthy control children (n = 21) and reduces the frequency 
of nights in which the child spends more than 30 minutes 
falling asleep from 19% to 0%.

The impact of a behavioral sleep intervention in children 
with ADHD (n = 244, 5–12 years) in a randomized controlled 
trial revealed significant parent-rated decrease in moderate/
severe sleep problems at 3 months’ post treatment; daily 
sleep duration measured by actigraphy was also increased in 
the intervention group children, and approximately a half to 
one-third of the beneficial effects of the intervention on 
ADHD symptoms was mediated through improved sleep at 
3 and 6 months follow-up (Hiscock et  al., 2015). A brief 
behavioral sleep intervention, comprising of two clinical 
consultations and a follow-up phone call covering sleep 
hygiene and standardized behavioral strategies, in 5 to 
13 years old children with ADHD with comorbid Autism 
Spectrum Disorder, led to large improvements in parent-
rated sleep problems at 3 and 6 months for the treatment 
(n-28) group compared with the usual care (n = 33) group 
(Papadopoulos et al., 2019). Further, the intervention group 
(n = 28) also had small to moderate improvements in parent-
rated psychosocial quality of life, ADHD symptom severity 
and child behavior (Papadopoulos et  al., 2019). When 20 
children (8–12 years) in each group for ADHD, Anxiety and 
ADHD + Anxiety were treated with cognitive behavioral 
therapy for anxiety, this lead to significant decrease in anxi-
ety along with improvement in sleep latency and marginal 
decrease in total amount of sleep problems for the treatment 
groups (Beriault et al., 2018).

Keshavarzi et  al. (2014) showed that a 12-week sleep 
training program followed by parents of children with ADHD 
(8–13 years) led to significant improvements over time for 
the intervention group (n = 28) in sleep problem areas such as 
being afraid of sleeping in the dark, sleeping alone, sleeping 
too little, sleeping the right and the same amount, bed wetting 
and sleeping restlessness, along with decrease in the duration 
of awakenings after sleep onset and increases in total sleep 
time. Parents of children in the intervention group also 
reported improved in physical and psychological well-being, 

moods and emotions, parent relations and home life, school 
environment, and social acceptance for their children. 
Peppers et  al. (2016) investigated the effect of a 20-week 
intervention involving following a patient specific sleep 
hygiene routine to promote sleep and reduce ADHD symp-
toms among children (5–11 years): participants receiving 
sleep hygiene interventions (n = 23) had significant reduction 
in ADHD symptoms and a significant improvement in sleep 
quality (Peppers et al., 2016). Corkum et al. (2016) investi-
gated the effect of a distance intervention for insomnia in 
children (aged 5–12 years) with ADHD, which included par-
ents being mailed intervention manual, diaries for tracking 
sleep and intervention implementation, and a reward chart 
with stickers and 5 weekly telephone sessions for coaching in 
the sleep intervention steps. Results from this study indicated 
significant improvement in three areas of sleep onset latency, 
bedtime resistance and sleep duration in the treatment group 
(n = 30) as assessed through parent rating and in the area of 
sleep onset latency (Corkum et al., 2016).

The effect of a 5-week elimination diet on physical and 
sleep complaints in children with ADHD (treatment group 
n = 15) were investigated by Pelsser et  al. (2010) who 
reported a 77% decrease in the number of physical and 
sleep complaints. In another study, the effect of tryptophan 
enriched cereal intake on sleep of children with ADHD 
(n = 6), Cerebral Palsy (n = 9) and Autism Spectrum disorder 
(n = 7) was studied; actual sleep time, sleep efficiency and 
immobile time improved in children with ADHD as mea-
sured through wrist actigraphy (Galán et  al., 2017). The 
effect of 10 weeks’ treatment with a polyunsaturated acid 
mixture on children with ADHD’s behavior (n = 78, 40 in 
treatment group) showed significant improvement in qual-
ity of life, ability to concentrate, hemoglobin levels and 
sleep quality (Yehuda et  al., 2011). Sonne et  al. (2016), 
studied the effect of MOBERO, a smartphone-based system 
that assists families in establishing healthy morning and 
bedtime routines in a 2-week intervention with children 
with ADHD (n = 13, 6–12 years). The intervention was 
associated with 8.3% improvement in sleep habits, includ-
ing positive change in seven of the eight CSHQ subscales 
(bedtime resistance, sleep duration, sleep anxiety, night 
wakenings, parasomnias, sleep disordered breathing and 
daytime sleepiness) and 16.5% reduction in core ADHD 
symptoms (Sonne et al., 2016).

ADHD Pharmacotherapy Effects on Sleep

Studies reviewed for the impact of ADHD medication on 
sleep are detailed in Table 7. A focus group study with par-
ents (n = 16) of children with ADHD (3–12 years) found that 
parents commence and continue pharmacotherapy for their 
children due to improvements in academic performance and 
social interactions, and cease therapy after their children 
experienced side effects including appetite suppression, 
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weight-loss and sleep disturbances (Ahmed et  al., 2017). 
Bock et  al. (2016) stated that clinicians (n = 67) reported 
that 39% of patients with childhood ADHD seek over the 
counter or prescription medication for their sleep problems. 
Further sleep medication use (melatonin 14% and clonidine 
9%) in 5 to 13-year-old children with ADHD (n = 257) was 
associated with their intake of ADHD medication, com-
bined ADHD subtype and internalizing/externalizing 
comorbidities (Efron et al., 2014).

In children with ADHD (n = 163, 7–11 years), increased 
Methylphenidate (MPH) dose is associated with increased 
sleep problems, particularly for lower weight/BMI; 23% of 
children without pre-existing sleep problems were reported 
to have sleep problems at the highest MPH dose (Becker, 
Froehlich, et al., 2016). Childress et al. (2009) reported that 
psychiatric side effects, events including insomnia occurred 
more often in patients assigned to the higher doses of dex-
MPH Immediate release (20, 30 mg/day) in a study includ-
ing 253 children with ADHD between 6 and 12 years of age. 
For similar age group participants, Lee et al. (2012) reported 
MPH had a negative effect on later bedtimes, wake-up times 
and total sleep times for children with ADHD (TST was 
reduced by about 17 minutes on weekdays and 29 minutes at 
weekends, no difference between higher or lower doses, 
total n = 93). Further, parent-reported side effect ratings 
(n = 157) revealed significantly more insomnia in the MPH 
treatment group as compared to the placebo group (Lee 
et al., 2011). Further in another similar age group of children 
with ADHD on MPH (n = 12) were reported to be signifi-
cantly sleepier as the morning progressed, although at no 
point did they feel sleepier than 11 medication naive chil-
dren (Cockcroft et al., 2009). When outcomes for MPH and 
Vitamin D supplement were assessed in children with 
ADHD (n = 25, 5–12 years), improvements in parent ratings 
for evening behaviors including getting ready for bed and 
falling asleep were reported compared to a control group 
(n = 29) receiving MPH and placebo (Mohammadpour et al., 
2018). Omega-3 supplementation with MPH for children 
with ADHD (n = 33, 6–12 years) revealed no significant 
sleep related drug complication differences when compared 
to MPH and placebo group (n = 33; 2.9 &4 % respectively) 
(Mohammadzadeh et  al., 2019). In a Venlafaxine versus 
MPH effect study, side effects of insomnia were more fre-
quently observed in the MPH treatment group (n =  8, 
6–12 years) (Zarinara et  al., 2010). Sonuga-Barke et  al. 
(2009) showed that while sleep problems significantly 
increased as a function of MPH treatment among children 
with ADHD, children who showed sleep-related adverse 
events also showed appetite-related adverse-events as 
reported by parents (total n = 184, 6–12 years).

Regarding MPH formulation, a handful of studies have 
examined the impact on sleep parameters. For extended 
release MPH, a trial with children with ADHD (n = 24, 
6–12 years) comparing polysomnography and CSHQ results 

before and after the treatment found that sleep onset latency 
did not change, but that the number of awakenings 
decreased, and the percentage of stage 2 sleep increased 
during treatment (Kim, 2010). Switching from MPH- 
Immediate release to MPH extended release revealed no 
changes in sleep in 102 six to twelve-year-old children with 
ADHD (Kim et  al., 2011). An efficacy and tolerability 
assessment of MPH transdermal formulation versus MPH 
immediate release found that both medications were well 
tolerated with only mild reductions in sleep onset latency 
(Pelham et al., 2011). A placebo controlled 3-week trial for 
assessing MPH extended release(ER) and delayed release 
(HLD200) revealed insomnia (>10%) as a commonly 
reported treatment emergent adverse effect for both the 6 to 
12 years aged treatment groups (n = 81) as compared to pla-
cebo (n = 80) (Pliszka et al., 2017).

Findings of adverse effects of MPH on sleep are not uni-
versal. Faraone et al. (2009) reported that neither once-daily 
oral (n = 89) nor transdermal formulations (n = 98) of meth-
ylphenidate reliably elicit sleep problems or influence the 
severity of such problems when they occur along with no 
significant effect of dose in 6 to 12 year olds with ADHD. 
On similar lines in the same age group, Ashkenasi (2011) 
reported that transdermal MPH patch wear times (9, 10, 11, 
and 12 hours per day) exerted no significant effect on sleep 
latency or total sleep time on children with ADHD (n = 26). 
A study investigating long-term tolerability of transdermal 
MPH found no apparent overall effect on sleep behavior for 
the children (n = 327, 6–12 years) as per parent reports on 
CSHQ (Findling et  al., 2009). Chin et  al. (2018) showed 
significantly increased total sleep time and reduced periodic 
limb movement index along with parent-reported reduction 
in bruxism and snoring in ADHD-Inattentive children 
(n = 35), as well as nightmares in ADHD-Combined presen-
tation (n = 36) as an effect of MPH. Morash-Conway et al. 
(2017) report that following MPH treatment, sleep duration 
in children with ADHD (n = 21) was positively related to 
performance improvement on an executive attention task. 
Ricketts et al. (2018) found no deleterious effect of MPH on 
sleep (n = 143) and that combined treatment with stimulant 
medication plus behavior therapy (n = 144) was associated 
with statistically significant reductions in sleep problems.

A number of studies have examined the effects of MPH 
on circadian function in children with ADHD. Ironside et al. 
(2010) reported that for children with ADHD on MPH, mean 
motor activity levels (Mesor) were elevated during the down 
interval time (the sleep-onset latency period after lights out 
when children were in bed trying to sleep; n = 16, 6–12 years). 
A prospective 24-week observational study to assess trends 
in morning salivary cortisol levels among children with 
ADHD on MPH revealed that for these 6 to 12-year-old chil-
dren (n = 50) morning salivary cortisol level increased sig-
nificantly during the first month of MPH treatment, before 
the level subsequently dropped to an intermediate level that 



Bondopadhyay et al.	 211

was not significantly different from either the baseline or 
1-month level over the 6-month course of treatment (Wang 
et al., 2017). Slama et al. (2015) found a positive effect of 
MPH in CPT assessment for children with ADHD (total 
n = 36, 7–12 years), with faster and less variable reaction 
times than under placebo during late afternoon, 8 hours after 
medication. Medication with MPH has also been reported to 
shift heart rate variability markers toward levels of normal 
controls (Buchhorn et al., 2013).

Three included studies examined the impacts of amphet-
amines on sleep measures in children with ADHD. Giblin 
and Strobel (2011) studied the effects of Lisdexamphetamine 
(LDX) on sleep in children with ADHD (treatment n = 16, 
6–12 years) using polysomnography, actigraphy and subjec-
tive sleep measures and report that LDX did not contribute 
to sleep disturbances as measured by both objective and 
subjective sleep parameters. However, 27% of children 
with ADHD treated with LDX (n = 129, 6–12 years) experi-
enced the treatment emergent side effect of insomnia (Wigal 
et al., 2009). On similar lines for the same age group, Wigal 
et  al. (2012) found one of the significant side effects of 
“trouble sleeping” for LDX, although stimulant-naïve chil-
dren (n = 13) had significantly greater difficulty sleeping 
compared to those previously exposed to stimulants (n = 14).

Examining the effects of non-stimulant ADHD medica-
tion on sleep parameters, Guanfacine treatment among 6 to 
12 years’ children, polysomnographic evaluation found that 
morning administration of Guanfacine extended release 
medication (n = 11) had an untoward effect on the polysom-
nographic sleep outcome measure of total sleep time and 
total time in slow wave sleep (found to be shorter) com-
pared with morning administration of placebo (n = 16) 
(Rugino, 2018). For the same age group ADHD children, 
Guanfacine extended release use was not associated with 
subjective self-report of daytime sleepiness for morning 
(n = 107) or the evening (n = 114) administration groups 
(Young et al., 2014), although the same study reported som-
nolence as one of the frequent treatment emergent adverse 
effect. Somnolence was also reported as one of the primary 
adverse events associated with Guanfacine extended release 
treatment (n = 138, 6–12 years) of children with ADHD by 
Connor et  al. (2010). For treatment with atomoxetine, 
Montoya et al. (2009) demonstrated significantly more fre-
quent adverse event of somnolence (24%) for atomoxetine 
compared to placebo (total n = 113). However, a subjective 
ADHD-related morning and evening behavior rating scale 
(including an independent item: difficulty falling asleep) 
for 6 to 12 year olds children yielded improved scores for 
the treatment group (n = 54) using Atomoxetine as com-
pared to 51 receiving placebo (Wehmeier et al., 2011).

For other pharmacological treatments, one randomized 
controlled trial (RCT) reported that L-DOPA improved restless 
leg syndrome and periodic leg movement syndrome although 
it did not improve ADHD symptoms, sleep parameters, or 

neuro-psychometric measures in 7 to 12 year-old ADHD 
patients (n = 15) when compared to 14 receiving placebo 
(England et al., 2011). However, within a similar age group, 
Ferri et  al. (2013) found that Levodopa did not modify leg 
movement time structures for children with ADHD yet 
improved sleep latency (treatment n = 10). Hoebert et al. (2009) 
reported melatonin treatment to be effective in 88% of cases of 
children with ADHD and chronic sleep onset insomnia 
(n = 105, 6–12 years). Melatonin treatment in ADHD patients 
(children under 12 years n = 42, 6–12 years) also treated with 
MPH and who developed sleep problems was found to be 
effective in improving sleep problems in 60.8% of the patients, 
with this efficacy was similar in males and females and in chil-
dren when compared to adolescents (Masi et  al., 2019). An 
8-week, placebo controlled study to investigate the efficacy of 
zolpidem for the treatment of insomnia associated with ADHD 
revealed no significant change in sleep latency between base-
line and week 4, and no significant difference in scores for the 
CGI (Clinical Global Impression) scale were observed between 
weeks 4 and 8 among the age group of 6 to 11 year children 
(treatment n = 136) (Blumer et al., 2009). In an objective sleep 
quality study, actigraphy data indicated that ADHD boys (8–
12 years) who consumed L-theanine (n = 46) obtained signifi-
cantly higher sleep percentage and sleep efficiency scores, 
along with a non-significant trend for less activity during sleep 
(defined as less time awake after sleep onset) compared to 47 
of those in the placebo group (Lyon et  al., 2011). Finally, 
Blader et  al. (2009) reported that children with ADHD (6–
13 years) whose disruptive psychosocial behaviors were under-
responsive to stimulants and were treated with divalproex 
(n = 15) tended to have higher rates of trouble falling asleep 
than children treated with placebo (n = 15).

Discussion

The current review aimed at providing a comprehensive 
overview of the associations between sleep and circadian 
function with ADHD in children. The breadth of the topic 
and the need for the review was reflected in the large num-
ber of studies included.

For the subjective assessment of sleep in children with 
ADHD, 119 (out of the total 148) selected articles utilized 
subjective parental/caregiver reports of sleep, and these 
reports highlighted higher occurrence of bedtime resistance, 
sleep anxiety, sleep onset delay, sleep disordered breathing, 
day time sleepiness and a general trend of poorer sleep qual-
ity, duration and efficiency (Abou-Khadra et al., 2013; Akinci 
et al., 2015; Becker, Pfiffner, et al., 2016; Chiraphadhanakul 
et al., 2015; Gomes et al., 2014; Moreau et al., 2013; Scott 
et al., 2013). In assessing studies utilizing parental/caregiver 
reports of childrens’ sleep, it is important to recognize vari-
ous sources of potential bias in such reports and the bidirec-
tional nature of the relationship between children’s sleep and 
parental/caregiver wellbeing, and the consequent potential 
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for altered subjective appraisal of children’s sleep parame-
ters. The relationship between parental stress and sleep prob-
lems in children with ADHD wherein children’s sleep 
dysfunction causes a decrease in the parent’s wellbeing and 
increased fatigue was noted in the review of Martin et  al. 
(2019), and such effects may decrease parents’ ability to 
implement more consistent/ effective behavioral and sleep 
management strategies for the child. As such, an important 
limitation for some of the reviewed articles is the absence of 
information about parental stress, presence of family psychi-
atric history, family’s social-economic status or parent’s edu-
cation (Bergwerff et al., 2016; Bériault et al., 2018; Eyuboglu 
and Eyuboglu, 2018; Kwon et  al., 2014; Matsuoka et  al., 
2014; Williams et al., 2016). Studies included in the current 
review also indicate that sleep problems in ADHD are associ-
ated with externalizing and internalizing comorbidities in the 
child and caregivers’ own attitudes, sleep quality, lifestyle 
trends and socio economic conditions (Bessey, Richards, 
et  al., 2013; Lycett, Mensah, et  al., 2014; Matsuoka et  al., 
2014; Sciberras et  al., 2016, 2017). Further, it is clear that 
sleep in children with ADHD should be considered carefully 
to all aspects of the child’s environment, and such relation-
ships may be best studied through well-powered and care-
fully constructed longitudinal studies. Keeping in mind our 
selection criteria, we found 15 studies that have used a longi-
tudinal design out of the total 148 reviewed articles. However 
longitudinal studies also reported specific weaknesses such 
as missing data, significant drop out rate for participants, all 
measures not assessed during baseline and follow-up consis-
tently and data assessed through older or previous editions of 
measures (Mulraney et al., 2017; Schmid et al., 2014; Soehner 
et al., 2019). Additionally, given the fact that subjective rat-
ings do not always bring about a comprehensive account of 
sleep related concerns among ADHD children, qualitative 
analysis of reports from caregivers/clinicians may be 
explored to examine sleep in childhood ADHD. As such, 
there are no studies that have explored sleep problems in 
ADHD children through qualitative methods such as the-
matic analysis.

Considering the nature of measures employed in studies 
based on subjective accounts, our review found wide rang-
ing and dominant use of a few standard tools such as the 
Child Sleep Health Questionnaire (CSHQ), Pittsburgh 
Sleep Quality Questionnaire and Childhood Sleep 
Disturbance Scale (CSDS) etc. Although some of these 
scales have individual sub-scales and a global measure of 
sleep disturbance, how parents understand the difference 
between items while rating them and how they understand 
their child’s specific sleep problems should be considered, 
as should the lack of congruence with results from objective 
measures such as actigraphy (Akinci et  al., 2015; Choi 
et  al., 2010). Further, sleep questionnaires do not usually 
assess information regarding restless leg syndromes or 
breathing problems during sleep, unless the tool is built for 

assessing such concerns specifically. Hence, to reach more 
consistent and comprehensive set of results, studies explor-
ing similar variables through both objective and subjective 
measures is recommended. In our reviewed list of articles, 
there were 44 studies (out of the total 148) which utilized a 
combination of both subjectively reported and objectively 
measured sleep functions, thereby underlying the need for 
more such investigations.

We uncovered mixed evidence for greater subjectively-
reported sleep problems in ADHD hyperactivity and com-
bined presentation, than the inattentive subtype (Eyuboglu 
and Eyuboglu, 2017; Grünwald and Schlarb, 2017; Hansen 
et al., 2011; Sciberras et al., 2016). Similar links between 
sleep problems and hyperactivity or combined subtypes 
have been reported for older adolescents (Chiang et  al., 
2010; Mayes et al., 2009). Interestingly, among the reviewed 
studies, an important limitation is the lack of ADHD sub-
type-based recruitment of participants (for articles explor-
ing the nature of sleep and its consequences for the ADHD 
child), leading to non-comparable number of children 
exhibiting ADHD-I, H or C presentations, thereby most 
studies generalizing the sleep problems for all subtypes. 
Further, Tsai et al. (2019) found that relative to inattentive 
subtype, childhood combined subtype was associated with 
higher risks of sleep disorders during adulthood.

Studies based on objective sleep measures reported 
shorter sleep duration, longer sleep latency, lower sleep 
efficiency, greater wakening after sleep onset and sleep 
fragmentation in ADHD (Lee et  al., 2014; Miano et  al., 
2019; Moreau et  al., 2013). However, such findings are 
not reported in all relevant studies, with a number of stud-
ies showing no difference between ADHD and TD chil-
dren’s sleep profiles (Bergwerff et al., 2016; Waldon et al., 
2015; Wiebe et  al., 2012). Such discrepancies may be 
explained by variations in actigraphic protocols applied 
(e.g., how long the actiwatch is worn for, is it worn during 
school days or free days, the analytic algorithms applied) 
as well as differences in study cohorts. Nonetheless, given 
the good tolerability of actigraphy and its suitability for 
application in the home setting, such approaches should be 
further encouraged in the future according to more stan-
dardized methodology (Smith et al., 2018). Further, most 
studies using actigraphy reviewed had sample sizes of 50 
children or less in case control design, indicating a need 
for larger studies with sufficient statistical power to inves-
tigate issues such as the impacts of comorbid behavior dis-
orders on sleep in children with ADHD as well as the 
impacts of environmental and family factors on sleep. 
Another important factor is the effect of the time of the 
year when the study has been conducted, (example 
Christmas (Langevin and Ramdé, 2012) or outside of 
school term-time) when the usual schedules of the child 
are disrupted due to social or familial events, or for spe-
cific days of the weekend or weekdays.
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Some studies utilizing PSG report changes in sleep 
architecture in children with ADHD, including less time 
spent in REM, shorter REM sleep latency and lower fre-
quency of eye movement during REM (Akinci et al., 2015; 
Díaz- Roman & Buela-Casal et  al., 2019; Grissom et  al., 
2009; Gruber et al., 2009), although such findings are not 
ubiquitous (eg. Kirov et al., 2012, report greater REM dura-
tion in ADHD). For NREM features, lower periodic EEG 
activity (Cyclic Alternating Pattern, CAP) for stage 2 sleep 
was indicated along with higher 12 Hz frontal spindle power 
for ADHD children when compared to controls and its sig-
nificant positive relationship with reaction time variability 
measuring attention (Akinci et  al., 2015; De Dea et  al., 
2018; Grissom et al., 2009; Saito et al., 2019; Silvestri et al., 
2009). Lower CAP rate was also found by Miano et  al. 
(2006) in children with ADHD, perhaps indicating hyper-
arousal during NREM sleep in these children. Increased 
topographical distribution of Slow Wave Activity (SWA) 
localized over the central regions for ADHD children has 
been reported (Miano et al., 2019; Ringli et al., 2013) and 
previous studies have found that SWA has an age dependent 
shift that runs through the posterior-anterior axis between 
the age of 2 years and adolescence (Kurth et  al., 2010; 
Novelli et  al., 2016). Therefore, higher concentration of 
SWA in the central region among the ADHD children may 
reflect the neurodevelopmental nature of ADHD. However, 
findings of sleep EEG changes were not ubiquitous; 
Příhodová et al. (2012) reported no significant alteration in 
sleep REM or NREM parameters in ADHD. Small study 
cohort sizes and variations in study protocols (e.g., number 
of consecutive nights PSG recording, home of clinical 
research setting) may underpin such discrepancies. Another 
significant limitation for studies employing nocturnal poly-
somnography records is that they have done so for one 
night, thereby not controlling the first night effect, and stud-
ies which have used only sleep lab records and not for home 
environments might be subject to effects of a novel sleep 
environment on the sleep parameters measured (Galland 
et al., 2010; Miano et al., 2019; Silvestri et. al., 2009; Um 
et al., 2016). Further although studies have mentioned the 
washout periods for the child’s ongoing ADHD medica-
tions, abstaining from the medication might influence the 
child’s sleep which might be reflected in the records, and 
this significantly effects the total results, especially if the 
PSG is done for 1 night (Galland et  al., 2010). It might 
prove beneficial to acknowledge the above lapses as EEG 
recordings during sleep have the potential to reveal impor-
tant neurophysiological insights into ADHD and lead to 
understanding of how sleep changes may contribute to 
ADHD symptoms in children.

Our review of the current literature on circadian function 
in children with ADHD revealed a somewhat limited set of 
investigations, with significant variations in methodology 
and some inconsistent findings. For example, better ADHD 

clinical scores were associated with higher morning cortisol 
levels were indicated by some studies (Angeli et al., 2018; 
Wang et al., 2017) but not others (Imeraj et al., 2012; Buske-
Kirschbaum et al., 2019). We uncovered only two investiga-
tions of melatonin rhythms in childhood ADHD, with 
inconsistent findings (Novokova et  al., 2011; Paclt et  al., 
2011). Likewise, there was a low number of studies exam-
ining chronotype and/or diurnal preference in children with 
ADHD (Van der Heijden et  al., 2018; Tarakçioğlu et  al., 
2018). For both of these studies subjective reports of chro-
notype were utilized which is not as accurate as the use of 
objective measures such as actigraphy, or assessing Dim 
Light Melatonin onset. Moreover, the studies in this section 
have used case-control design thereby limiting inference 
regarding long-term influence of sleep/ADHD associated 
behaviors on chronotype, which would be possible through 
longitudinal investigations. Our review found only 11 stud-
ies investigating circadian functions in ADHD children (10 
case-control and 1 longitudinal). This lack of studies is 
striking in the context of the more developed literature in 
circadian function in adult ADHD (Coogan and McGowan, 
2017), and may reflect the perceived difficulties of examin-
ing circadian rhythms in children. Given that the circadian 
system is a key shaper of sleep/wake behavior, this is an 
area that clearly warrants further research in ADHD.

Considering consequences of sleep problems in children 
with ADHD, the reviewed studies revealed consistent asso-
ciations between anxiety/depression symptoms, as well as 
wider range internalizing and externalizing comorbidities, 
with sleep in children with ADHD (Becker et  al., 2018; 
Blunden et al., 2011; Lucas et al., 2017; Lycett et al., 2016; 
Mulraney et al., 2016, 2017; Tong et al., 2018); such asso-
ciations have also been previously indicated in adults with 
ADHD (Oğuztürk et  al., 2013). There were also associa-
tions between poorer executive-cognitive functions and 
sleep deficits consistently reported in children with ADHD 
(Cremone, Kurdziel, et  al., 2017; Hansen et  al., 2013; 
Moreau et al., 2013). Cognitive functions assessed through 
manual/machine aided neuropsychological tests and sleep 
measures revealed cross sectional as well as longitudinal 
associations between these in ADHD (Cremone et al., 2018; 
Gruber et al., 2011; Kidwell et al., 2017; Saito et al., 2019; 
Sciberras et  al., 2015; Surratt et  al., 2011; Zambrano-
sánchez et  al., 2013). For example, Kidwell et  al. (2017) 
found longitudinal associations between sleep problems at 
age 3 and higher levels of inattention/hyperactivity in 4th 
grade predicted by higher executive functions deficits. 
Further, sleep may be important for emotional regulation in 
ADHD. Cremone et  al. (2018) hypothesized that positive 
attention biases may be associated with heightened reward 
sensitivity in children with ADHD, causing overreliance on 
(positive cues) rewards, which may contribute to behavioral 
manifestations for emotional dysregulation. These studies 
highlight the potential significance of impaired sleep for 
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cognition and emotional regulation in children with ADHD. 
However, the above findings should be interpreted with 
caution, as for most of the cross sectional studies (Lycett, 
Mensah, et al., 2015; Lycett et al., 2016; Lucas et al., 2019; 
Moreau et al., 2013; Sciberras et al., 2015; Thomas et al., 
2018), the recruited ADHD children (with comorbid sleep 
concerns) might have presented higher level of ADHD 
symptom severity for which they were on medication, 
which in turn might have had an influence on the measured 
sleep feature. Additionally, the paucity of longitudinal stud-
ies exploring the developmental relationship between sleep 
functions and cognitive/emotional functions among ADHD 
children (our review located 6 such studies in this section) 
must be taken into consideration for future research.

Given that sleep disturbances appear to be consistently 
associated with cognitive and emotional problems in chil-
dren with ADHD, it might be expected that cognitive/
behavioral interventions that are designed to improve sleep 
may result in lessened ADHD symptoms. Behavioral sleep 
interventions improved caregiver rated sleep functions 
along with a proportion of sleep mediated improvements in 
ADHD symptoms, behavior and quality of life (Bériault 
et  al., 2018; Hiscock et  al., 2015; Papapdopoulos et  al., 
2019). However, we found that the evidence base for this 
area is underdeveloped (we found the above mentioned 3 
studies exploring this field of intervention). Sleep trainings 
further brought about wide range of improvements in the 
child’s sleep functions and related behaviors (Corkum et al., 
2016; Keshavarzi et al., 2014; Peppers et al., 2016). Sleep 
hygiene interventions that have directly or simultaneously 
targeted sleep in ADHD had a beneficial effect on children’s 
emotional, behavioral and social performance (Dewald-
Kaufmann et al., 2013; Weiss et al., 2006). However, there 
is an absence of studies employing chronotherapeutic tech-
niques for ADHD children that might involve using envi-
ronmental stimuli to influence their biological clock. Also 
we noted only 6 randomized controlled trials, most of which 
had sample sizes in the range of 20 to 60 patients, again 
indicating a need for a more systematic approach involving 
larger (potentially multi-site) studies.

When examining the literature on the effects of ADHD 
pharmacotherapy on sleep, we found that a substantial num-
ber of studies (14 out of the 42 in this section) assessed 
sleep as a secondary outcome (often via a single item rat-
ing). 17 out of 42 of the included studies examined the 
effects of MPH, and a number of papers reported dose-
dependent associations with greater sleep complaints, later 
bed times, negative effects on wake up time and total sleep 
time, day time sleepiness and higher insomnia (Becker, 
Pfiffner, et al., 2016; Childress et al., 2009; Cockcroft et al., 
2009; Lee et al., 2011, 2012; Sonuga-Barke et al., 2009). 
However, some studies reported no negative effects of MPH 
on sleep (Ashkenasi 2011; Findling et al., 2009) and a few 
studies reported positive outcomes for sleep of MPH (Chin 

et  al., 2018; Morash-Conway et  al., 2017; Ricketts et  al., 
2018). Seven studies explored the effect of individual MPH 
preparations on sleep in childhood ADHD, with results not 
clearly indicating a preference for either extended or imme-
diate release preparations (Kim 2010; Kim et  al., 2011; 
Pelham et al., 2011; Pliszka et al., 2017). There were few 
studies assessing the sleep impacts of non-stimulant medi-
cation in children with ADHD (such as Atomoxetine, 
Guanfacine and Divalproex). The inconsistencies noted for 
MPH may be a function of the rudimentary characterization 
of sleep applied in many of these studies and indicates a 
need for more systematic assessment of MPH and other less 
commonly applied non-stimulant treatments on sleep in 
children.

Manifesto for Future Research in Sleep and 
childhood ADHD

Drawing together the points highlighted above, we present 
a manifesto for future research on sleep in children with 
ADHD. The first is that as sleep is a complex phenomenon 
with multiple phases that can be measured in multiple ways 
(each approach with important advantages and disadvan-
tages) and fulfills multiple functions, the assessment of 
sleep in ADHD studies should be comprehensive and mul-
tifaceted. Such approaches should incorporate objective 
measures such as actigraphy and PSG in parallel with sub-
jective measures such as parental report, and standardized 
protocols be applied when such consensus processes are 
available. Studies should be sufficiently well powered to 
allow for specified sub-group analysis (e.g., of ADHD sub-
types). Secondly, proving causal relationships between 
sleep problems and functional outcomes in ADHD may not 
be achievable, rather a pragmatic approach of clinical utility 
may be adopted; that is to say the primary aim should be to 
develop and deploy effective interventions and further 
develop fundamental knowledge of the etiological and 
symptomatological profile of ADHD. There has been some 
interest recently in attempting to solve the “chicken and 
egg” question of sleep disturbance and ADHD; does one 
lead to the other, and if such in which order? (Bijlenga et al., 
2019; Raman and Coogan, 2019). However, this may be a 
distinction that is not meaningful; for example, if sleep dis-
turbance is part of the sytmptomatic profile of ADHD that 
manifests earlier than other symptoms during the develop-
mental time course, then ascribing sleep changes as causal 
factors in the development of ADHD will not be justified. 
Future studies may examine the role of sleep parameters as 
state marker in ADHD during successful and unsuccessful 
treatment to hint at the relationship between sleep and the 
“classic” domains of inattention, hyperactivity and impul-
sivity. Further, we must consider whether there are general-
ized sleep disturbances associated with neuropsychiatric 
disorders, as whether there are specific features such as 
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delayed sleep timing or sleep maintenance problems that 
are more strongly associated with specific disorders such as 
ADHD (which has been argued to be the case in adult 
ADHD; Coogan and McGowan, 2017).

Thirdly, it should be borne in mind that mitigation of 
sleep problems, in and of themselves, may represent 
highly worthwhile goals, even if they are not accompanied 
by significant impacts on ADHD scores (e.g., by lessening 
sleep impacts in caregivers; Sacco et al., 2018). Fourthly, 
research should be directed to seemingly obvious ques-
tions relating to everyday clinical practice; an example of 
such an issue is whether time of dosing of different MPH 
formulations impacts sleep and ADHD symptoms differ-
entially, as animal experiments indicate that this may be 
the case (Antle et al., 2012; Baird et al., 2013). Likewise, 
does time-of-day of testing on neuropsychological batter-
ies impact on results in a clinically significant way, as is 
indicated in adults (Korman et  al., 2019). Fifthly, when 
sleep behavioral interventions in ADHD are trialed they 
should be done so as blinded placebo controlled RCTs in 
multi-site studies to allow for sufficient statistical power; 
the literature as it is currently comprised is dominated by 
small, under-powered case-control studies that may pro-
vide tantalizing indications of promise and/or causal rela-
tionships, but are not useful in guiding clinical practice 
unless they are built on by larger studies. Lastly, majority 
of the studies in our review had lesser number of female 
participants as compared to males, thereby significantly 
limiting generalizability of findings to females. Keeping 
in mind the gender based variations in both macro and 
micro structure of sleep (Acebo et al., 1996; Sadeh et al., 
2000), circadian rhythm markers (Boivin et al., 2016; Cain 
et  al., 2010; Duffy et  al., 2011; Santhi et  al., 2016) and 
even the ADHD clinical pictures (Biederman et al., 2002), 
it is indeed indicative that the effect each variable has on 
the other might be based on such differences. Therefore, 
studies investigating sleep properties among ADHD chil-
dren are recommended to have comparable number of 
female and male participants, where gender-based find-
ings are discussed.

Conclusion

We have conducted the first comprehensive systematic 
review of sleep in children with ADHD, examining studies 
involving −42,000 children. Our review highlights that 
reports of disturbed sleep in children with ADHD are com-
mon, that such disturbances may contribute to cognitive and 
emotional impairments and may be tractable through behav-
ioral and cognitive sleep interventions. We have identified 
several important weaknesses and knowledge gaps in the 
literature and have laid out some points to be considered in 
the design and implementation of future studies of sleep in 
children with ADHD.
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